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By Williem R. Cempbell
SUMMARY

Results of tests are given for 10 gages of each of 6 types of multi-
strand, single-element, bakellte-bonded wirse strain gages. The calibra-
tion factors for the 10 gages of a gilven type differed from the average
factor for that type by not more than 11.6 peroen'b. For one of the six

types this difference was less than 0.4t perce 51,‘

»&
Two of the six types of ga.ge howed no reductlon in calibration
factor at temperatures up to 140%C. Four types of gages showed &

reduction in calibration factor at 140° C which ranged from 3 to 9 per-
cent. The reduction in cellbration fa.c'bor became noticeable for all
types of gages at a temperature of 170 C. ﬁ F

Creep was measured on one palr of- ga.ges of one type et constant
strain. The gages showed no creep at temperatures as high as 140° C.
At 170° C the creep at the end of 1 howr amounted to 6 percent of the
applied strain.

The maximum difference in unlt change in gage reslstance between
different gages of the seme type when attached to vmstressed stﬁel bars

. and subjected to changing tempersture 4id not exceed 0.02 X 10~ per
degree centigrade for advance gages and 0.15 X 10™* per degree centlgrade
for 1scelastlc gages.

Gage reslstance was found to vary almost llnearly wlth the power
dissipated by a gage. The unlt chenge in goge resisEa;n.oe per watt of
power dissipated by the gage ranged fram -10.8 X 10~* for advance gages

to 190 X 10™ ' for isoelastlc gages.
INTRODUCTION

The purpose of the tests was to determine importent performance
cheracteristics for several types of bakellte-bonded wire strain gages
which are representative of gages 1n current use by the alrcraft
Industry. Six types of commercially avallasble gages were selected for
the tests. The following characterlstlcs were determined:
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(1) Uniformity of calibration fectors for individual gages of the

same_type

(2) Variation of calibration factor with temperature
(3) Creep

(4) Effect of current—on gage resistance

(5) Variation of gage resistance wlth temperature

This iInvestigation was conducted at the Natlional Bureau of Standards

under the sponsorshlp and with the financial assistance of the Natlional
Advisory Committee for Aeroneutics.

SYMBOLS

unit change in gage reslstance R .
strain

calibration factor of wire straln gage
deflection of free end ofcantllever beam, inches
chenge in reeding of SR-lU-strain indicator

power, watts

voltage with alternatling-current source

voltage with dlrect-current source

temperature, °C

thermal coefficient of linear expansion/°C
thermal ;.zoefficient of Young's modulus of elasticity/°C
length of cantilever beam, inches

beam stiffness in bending, pound-inches?

DESCRIPTION OF GAGES

Six types of wlre strain .gages, designated A to F, having gage

lengths from 1/4 to 15/16 inch and resistances from 75 to 1000 ohme
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were lncluded 1n the progrem. Geges of types A, B, aind. C were wound wlth
aedvance wire and types D, E, and F were wound wlth isoelastic wire.

Table 1 glves nominel values of gage resistance and cellbration factor
for each type of gage. Figure 1 shows the gages attached to test strips
‘for calibration. The gages were attached in accordance wilth the
manufecturer 's instructions.

Ramc AT
LD LD AW LOoVeLWULID

Tniformity of Callbration Factors for Individual Gages

of the Same Type

Tenslle callbratlion factors X for 10 gages of each type were
computed by substltuting meesured values of unlt change in gage reslst-
ance AR/R corresponding to & known change in strain A€ in the
fundamental equatlon:

(1)

LR 1
E-x

Ae

Curves of unlt change In gage resistance agalnst straln were obtalned for
one gage of each type prior to calibration to indicate the deviation from
linearity of gage output for the. flrst and tenth cycles of strain. All
gages were subJected to a straln of 0.0021 for 10 cycles before callbra-
tion. Followlng the 10 prestralning cycles, the gages were callbrated by
measuring A‘R/R for a tenslle straln of approximately 0.0020 for gages of
types A, B, and C and of 0.0010 for types D, E, and F. The cellbration
factor K was computed as the average value of equation (1) for five
determinations on each gage.

Flgure 2 shows the leboratory setup for epplylng known stralns to
the gage belng callbrated. The test and compensating wire straln gages
were attached to 18- by 3/4- by 1/16-inch steel bars A and B, respectivel;
Strains applied to the test gage during callbratlion were meeasured wlth
Tuckerman optlcal straln gage C mounted on the callbration bar so as to
span the wire straln gage.

The unit chenge 1n gage resistance was measured with a Wemmer type
ratlo set In a direct-current Wheatstons bridge. The laboratory setup
for reslstance measurements ls shown 1n fligure 3.

Verlation of Callbretion Factor wlth Temperature

Tests were made of two gages of each type to determine the varlation
in calibration factor with temperature for temperatures between 30°

end 160° C.
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The laboratory setup for mesasurements of change In celibration factor
with temperature 1s shown in figure 4. One of the calibration bars, -
previously used in the temnsile callbrations, was shortened at one end
to form a cantilever beam A (fig. 4) when clamped in frame B. The beam
and frame were housed 1n a temperature-controlled oven. The two wire
gages, attached "back-to-back" to the top and bottom faeces of the beem,
were connected to an SR-U4 portable strain indidator (reference 1) to
measure gage output resulting from bending streins in the beam. The
beem was loeded at the free end with dead welghts C beering on the dilal
rod D. Deflections of the beam relative to the frame B were measured
with a dial indlcator E supported on rod F. Starting at room temperature,
the beam deflection y; and the change in the SR-4 indicator reading ADy
corresponding to a constant load at C were measured at different tem-
peratures t. The load at, C was chosen to produce an extreme-fiber
bending strain of10 X 10~¥ underneath the strain gaee .

] The ratio of the average callbration factor K; of the two gages
at a temperature t to that at room temperature (30° C) is, according

to eguation (1),
K, _ (AR/R_)t_ (Ae)3o

K, (/A5 GOy ®)

Since gage output AR/R 1s proportional to the change in reading of the
SR-4 indicator AD, equation (2) cam be written,

K, _ (D) (A€)3g (3)
K3° (AD)30 (AG)-[-, .

The strain chenge (A€);, was corrected for the increase in the

moment of inertie of the beam by & factor of (1 + a At)2 because of the
thermal expansion of the materilal corresponding to the change in tempera-
ture At =t - 30, and 1t was corrected for the change in Young's
modulus wlth temperature by & factor of—1/+ B At. With these correc-

tlons equation (3) becomes

Ky  (aD)g
K30 (AD)3g

(1 +aat)?(1 +BAE) (k)

Bquation (4) was used to compute the changs in calibration factor

with temperature for all gages. An aeverage velue of o = 1.2 X 10-> per
degree centligrade was assumed for the steel beams. An average value

of B was derived from measured values of the ratio 730/5"1: of



NACA TN No. 1656 5

deflections at any temperature + and 30° C. According to the cantllever-
beam formule.,

y30 (13/ED)30
30 _ = (1 + a A5)(1 + B At) (5)
¥t (7'3/‘EI)t

Solving equation (5) for B led to an average value

B = -33.5 X 102 per degree centigrade

The meximm velues of the terms (1 + o At)2 and (1 + B At) in equation ()
differed from unity by less than 0.5 percent and 6 percent, respectively.
Hence, a preclse determination of the thermal coefficlents of expansion

and of Young's modulus was not considered necessary.

Creep

Creep tests were made of two gages of type B at temperatures up
to 170° C. The tests were mede by observing the change in the indicated
bending stralin with time of two type E gages on the cantllever beam
shown in figure 4 when the beam was subjected to & constant l'll:oa.d. Tests
were made for extreme-fiber stra.ins of 5 X 10‘1" end 10 X 10™* at tempera-
tures near 30°, 60°, 140°, and 170° C. At each temperature the change’
in Indlceted strain was observ'ed. over an interval of 1 hour followlng
the application of load to the beam.

Effect of Current on Gage Reslsgtance

The change 1n resistance wlith current was measured for eight gages
of each type 1n order to estimate the allowable current for each gage.
The unlt change in gage resilstance was measured for gages 1n which the
test currsnt was increased from zero in small steps over l-minute
intervals to a value at which the power disslpated by the gage was
0.5 watt for gages of types A, B, and C and 0.3 watt for gages of
types C, D, and E. Measurements were made for gages attached to
aluminum-alloy and steel bars.

The clrcult for measuring the effect of test current on gages 1s
shown 1n figure 5. It 1s sssentlally a brldge within a pridge. Four
wire strain gnges, ri, rp, r3, and ry, of the same type and of nominally

egqual resistance were comnected 1n a balanced Wheatstone bridge called
the "auxiliary" bridge. The auxiliary bridge in turn constituted the
arm R of enother Wheatstone bridge ABYR called the "main" bridge. The
potentlel terminals of the auxiliary brldge were conmected to an



6 NACA TN No. 1656

alternatling-current sowrce with adjustable voltage HEgg, and the
potentlial terminals of the meln bridge were comnected to a direct-
current source with voltage E3,. Since gages ry, Ty T3, and r) are

approximately equal in reslstaence, very little of the alternmating curremnt
in the auxiliary bridge passes through the A, B, and Y arms or through
the battery and galvenometer branch of the mein bridge. Therefore, the
heating effect of the alternating ocurrent—l1s conflined practically to-the
wire straln gages in the auriliary bridge. The unlt change in resist-
ance /R/R of the series-parallel arrangement rrorar) measured with

the mein bridge may then be regarded as the average change due to the
alternating current flowing through the gage. The voltage X3, was

equal to 1.5 volits throughout these tests.

Variaetlon in Gage Resistance wlth Temperature

The change in gage resistance wlth temperature wes determined for
10 gages of each type attached to unstressed stesl bars which were used
originally for tensile calibrations. The temperature of the bars was'.
varied from 30° to 160° C. -

The bars were placed in the oven shown in figure 4. Rach bar had
two gages attached at the center 1n & back-to-back arrangement. One of
the 10 gages was arbltrarlly selected as a compensatling gage. The compen- -
sating gage end each one of the remaining nine gages were comnected to an
SR-k--portable strain indicator. At each of several temperatures between .
30° and 160° C' the difference in indicated strain between each of the
test gagos and the compensating gage was observed. ZFollowlng these i
measurements the actual output—of the compensating gage at each tempera-
ture was determined by comparing its resistance with a flxed resistance.

RESULTS AND DISCUSSION

Calibration factors for 10 gages of each ofthe 6 types are given in
table 2. Deviation curves, showlng the departure of pointas on the calibra-
tlon curves of one gage of each type from a stralght line having & slope .
equal to the average factor K,are shown in figures 6 to 11 for the first
and tenth straln cycles on gage 1 of each type.

Examination of the deviation curves in figures 6 to 1l shows that
the hysteresls was greater on the flrst cycle of stralning than on the
tenth cycle. This may be expected on the besls ofprevious experience
wilth wire strain gages (reference 2). The zero shift resulting from
the hysteresils on the first cycle ranged from 0.8 percent-of the applied ¥
meximum straln for the gage of type A to 3.1 percent for the gage of
type C. On the tenth cycle of stralning the zero shift was reduced to O .
and 0.6 percent of the applied maximum strain for types A end C, respec- -
tively. Imn all cases 1t was observed that the slopes of the deviation
curves for straln decreesing from the maximum were néarly the same for
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the first and tenth cyocles. It follows therefore that the callbration
factor for decreasing strain ls nearly independent of the number of cycles
of strald epplied and that the nonlinearlity leading to hysteresls, zero
shift, and verying gage factor occurs during the half of the cycle when
the stra.in 1s increasing. It willl be noted that the hysteresis 1s
eppreciably greater for gages of types C and F having 1/k-~inch gage
lengths then for types A and D having 15/16-inch gage lengths. This is
ascrilbed to the more compact winding used in the shorter gages which
presumably inoreases the stress cerried by the cement. The increase in
stress in the cement may be expected to lead to greater oreep and hysteresi
then for the longer geges ln which the wilres are wldely separated and the
stresses 1n the cement are lower. The maximum devliatlon of callbration
factors fraom thelr averege renged from 0.4 percent for 10 gages of type ¥
to ¥1.6 percent for 10 gages of type C. .

The ratlo of the callibration factor at a temperature t <+to the
Pactor at room temperature (30° C) is plotted against temperature in
flgures 12 and 13. Eramination of flgures 12 and 13 shows that no
slgnificent reduction in celibration factor was observed for gages of
types A end B for temperatures up to 140° C. At 170° C factors for these
gages were down about 3 percent. Gages of types D and E showed & reduc-
tlon in factor of ebout 3 percent at "140° C and about T percen'b et 170° C.
Types C and F showed & reduction of about 9 percent at 140° C. The Ffactor
for type C was down 25 percent at 167° C.

Cwrves of creep when a constant streln € wes epplled to the gage
are shown in figure 1l for two gages of typﬁ E et temperatures of 140° C
end 170° C. For applied strains of 5 X 10~ "t and 10 X 10~ negligible
creep with time was observed at temperatures up to 140° G. At 170° C
the creep in 1 hour amounted to about 6 percent of the applied strain.

Curves of A‘R/R against electrical power absorbed by the gage ere
glven in figures 15 and 16 for ga.ges attached to unstressed steel and
duralumin bers. Flgures 15 and 16 show that gage ocutput varied almost
linearly wlth the power dissipated by the gage. Power coefflclents,
defined as the average slope of the curve of /R/R against P, are
given in table 3. Power coefflclente were negatlive for grges A B
and C which were wound wlth advance wilre and positlve for gages D E
and F which were wound wlith 1soelastlc wire. Values of power coeffi-
clent from AR/R = -10.8 x 10- -k per wett for gage C to
190 X 10™* per watt for gage E. In all cases the reslstance of the
gages Increased more (or decreased less) for a glven power for gages
on durelumin than on steel. Since AR/R was found to vary almost
linearly with the power dissipated, there was no obvlious lndlcatlon
of excessive gage current. However, 1t appears that the power input
to gages should be limited to about 0.05 watt if edequate temperature
compensation 1s to be expected.

Curves of change In gage reslstence AR/R egainst 'bempera.tln'e for
gagos attached to unstressed steel bars are shown for one gage of each
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type in figures 17 and 18. The maximum difference in AR/‘R per degree
change 1nl'.'bempera.ture between any 2 of 10 gages of-each type are glven
in table

Figures 17 and 18 show that gages having advance wire grids, A,
B, and C, decreased in resistance with increasing temperature and gages
having lsocelastlc wire grids, D, E, and.¥, increased Iin resista.noe wilth
Increasing temperature. The tempera.ture sensi'bivi'by of gages A, B,
and C when attached to steel was Tound to be about AR/R = -0.154 x 10°¥ per
degree centigrade for all three ga 'bypes. Geges D, E, and F each gave
& temperature sensitivity mear AR/R = k.11 x 107 per degree centigrade.
The maximum difference in gege output with temperature for 10 gages of the
seme type dld not exceed AR/R = 0.02 X lQ'l" per degree centlgrade for the
advence gages and AR/R = 0.15 X 10~% per degree centigrade for the iso-
elastic gages. In computing these date 1t was assumed that the thermal
coefficlient of expansion was the same for all test bars.

CONCLUSIONS

Tests were made on six types of bekellite-bonded wire straln gages
which included representative gages ut.iILizing advance and isocelastic
straln-sensitive wlres.

The callbration factors for the 10 gages of & glven type that were
tosted differed from the average factor for that type by not more than
11.6 percent. For on® ofthe six types this difference was less than
10.4 percent. :

Four of the six types of gages showed a reduction in calilbration
factor at temperatures near 140° C which ranged from 3 to 9 percent.
"The decrease in calibration factor became marked for all gages as the

temperature was increased to 170° C.

The changes 1n gage reslstance due to the electric power dlssipated
by the gage ﬁ.nged from AR/R = -10.8 x 10™* per watt for advance gages
to 190 X 107" per watt for lsocelastic gages. These changes correspond
to meximum indicated strains of -520 microinches per watt and 5400 micro-
inches per watt, respectively. There was no indication ofdamage to the
gage for a power input up to 0.5 watt. However, 1t appears that the
power input to gages should be limited to about-0.05 watt 1f- adequate
‘temperature compensetion is to be expected.

Gages showed appreclable gensitivity to change in tem:pera.ture.
Fortunately, the temperature semsitivity of different gages of the
same type was so0 nearly unifiorm thet gages picked et random wolfl.d.
compensate 1n unit chenge in gage resistance within 0.02 X 10~
degree centlgrade for the gages using advance wire and within
0.15 X 10'1* por degree centlgrade for the gages using isoslastlc wire.

National Bureau of Standards
Washington, D.C., May 5, 1947
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TABLE 1.- DESCRIPTION OF GAGES

Ge. Gage Nominal Calibration Strain-gensitive
g9 length reslstaence factor, K wire

type (in.) (ohms) (approx.)
re~l A 15/16 350 2.0k Advance
AB-5B 1/2 ¥} 2.02
HE-7C 1/4 120 1.96 .
es-1 D 15/16 1000 3.53 Isocelastic
¢B-5E 1/2 200 3.48 .
¢8-7F 1/4 500 3.30°
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TABLE 3.- POWER COEFFICIENTS®

Gage Power coefficient ((AR/R)/watt) of gage
type on steel On duralumin
A -3.3 x 107 -0.3 X 10~%-
B -10.4 -6.2

o -10.8 -6.5

D T3 - 1lhp

E 166 190

F 142 188

Lpower coefficient, (AR/R)(1/P); that is, the unit change in gage
reosistance per watt of power dlssipeted by the gage.

TABLE k.- TEMPERATURE SENSITIVITIES OF GAGES

ATTACHED TO UNSTRESSED STHEL BARS

Ge. Temperature . Maximm difference in
tyg: sensitivity (AR/R) /°C between
((ar/R) /C) any 2 of-10 gages

A 0.1k x 107k 0.008 x 1074

B -al)'i' 1020

c -.15 .015

D h.11 127

B h.11 .150

F 4.11 .088
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Figure 1.~ Gages attached to test strips for calibration.
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Flgure 2.- Setup for applying known strains to gage being calibrated,






Figure 3.- Setup for measuring gage resistance.
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Figure 4.- Setup for measuring change in calibration factor with temperature.
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Figure 5.— Circuit for measuring effect of test current on
gages.
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Figure 12.- Curves of ratio of callbration factors K, /K30 against
temperature t for gages of types A, B, and C.
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Figure 13.- Curves of ratio of calibration factors K; /K:BO against
temperature t for gages of types D, E, and F.
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Figure 16.- Curves of change In gage resistance AR/R against
electrical power absorbed P for gages of types D, E, and F
attached to unstressed steel and duralurnin bars.



NACA TN No. 1656 29

10x1074 [ Gage
o Type A
A Type B
O Type G
OM
- Q
AR
R ¥
-10 =
\
E :D\\&é A
\D o
—20l l I
20 40 60 80 100 120 140 160
Temperature, t, °C
Figure 17.- Curves of change in gage resistance AR/R against
temperature t for one gage of each of types A, B,and C
attached to unstressed steel bars.
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Figure 18.- Curves of change in gage resistance AR/R against
temperature t for one gage of each of types D, E, and F
attached to unstressed steel bars.



